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The Regulatory Commission of Alaska (RCA) appreciates an

opportunity to respond to the Public Notice (FCC 04J-2) of the Federal-State

Joint Board on Universal Service seeking comment on how best to provide

universal service support in rural areas.

Summary

Methods for preserving and promoting universal service should

recognize the critical needs of rural states such as Alaska where provision of

service is difficult and costly. In the most rural areas of the nation served by

small companies, an embedded cost approach for determining universal

service support is superior to using a forward looking model or other cost

surrogate.

While line density is a factor relevant to predicting where high

costs may occur in other areas of the nation, it is not necessarily indicative of
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high costs in Alaska. Alaska's high costs are the result of:

a) Difficult construction conditions, including mountainous terrain, and

the presence of thermally sensitive permafrost soils, which mandate more

expensive construction techniques;

b) Harsh northern region climate resulting in shorter construction

seasons;

c) Lack of a road system to most of the state's locations and heavy

reliance on airplane and sea barge to transport equipment and access the

majority of rural, remote communities in Alaska;

d) Seasonal limitations placed on surface transportation;

e) Limited scale economies (e.g., service to exchanges of under 200

lines); and

f) High labor costs.

Because the existing FCC Synthesis model has never been adapted to

recognize these Alaskan conditions, it should not be used to determine high

cost support for small, rural Alaskan companies.

Further review is needed before the Joint Board should

consider merging the loop and switching universal service mechanisms.

Combining the two mechanisms is likely not appropriate.
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The Joint Board should reject proposals that would treat

companies under a common parent as one company for purposes of

determining high cost support. The Joint Board should reject proposals that

would determine support based on statewide average costs. Developing

rural carrier support based on study area costs remains the best option.

Adopting an average exchange size limit would improve the definition of

"Rural Telephone Company", but otherwise the definition has worked well

and should be retained.

1. The Joint Board Should Continue the Current Rural Telephone
Company Definition, But Should Add an Average Exchange Size Limit
for Companies that Qualify as Rural Under Section 153(37) (C) of the
Act.

The Joint Board sought comment on whether the term "Rural

Telephone Company" should continue to be defined based on the standard

set in the Communications Act: 1

The term "rural telephone company" means a local exchange carrier
operating entity to the extent that such entity -

(A) provides common carrier service to any local exchange carrier
study area that does not include either -

(i) any incorporated place of 10,000 inhabitants or more, or any
part thereof, based on the most recently available population

1 47 U.S.C. 153(37).
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statistics of the Bureau of the Census; or

(ii) any territory, incorporated or unincorporated, included in an
urbanized area, as defined by the Bureau of the Census as of
August 10, 1993;

(B) provides telephone exchange service, including exchange access,
to fewer than 50,000 access lines;

(C) provides telephone exchange service to any local exchange
carrier study area with fewer than 100,000 access lines; or

(D) has less than 15 percent of its access lines in communities of
more than 50,000 on February 8, 1996.

We believe the above definition has worked well to identify those companies

in Alaska that are both rural in nature and serve remotely located, sparsely

populated areas with limited economies of scale and scope. We believe

that the above definition is reasonable and should be retained with only minor

amendment.

We question whether study areas approaching 100,000 access

lines should be considered rural, as is provided for under 47 U.S.C.

153(37)(C). As the Public Notice points out, approximately 40 companies

serving more than 100,000 access lines, including one company that services

over 2 million access lines, qualify for rural under provision (C) listed above.

Further, under this definition a single exchange study area of slightly under

100,000 access lines would qualify for rural status. Companies with such

large numbers of access lines might not fit the true characteristics of a rural
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area. We recommend that provision (C) above setting a 100,000 study area

size limit be continued, but qualified to include that the average exchange

size must also be below a set limit (e.g., 10,000 lines per exchange).

The Joint Board also asked whether areas separate from, but

adjacent to urbanized areas should be excluded from the definition of rural.

While we agree that in general, a company that only serves areas adjacent to

urbanized areas should be treated as non-rural, we believe it is impractical to

readily apply a "near urban area" exclusion. For example, in Alaska, those

companies that serve exchanges that are near urbanized areas also tend to

serve a variety of remote rural villages. Perhaps the best example of this is

ACS of the Northland, Inc. which serves North Pole (a community a short

distance from Fairbanks, Alaska's second largest city), as well as

approximately 56 remote, rural villages of under 1000 lines. It would likely be

impractical to try to develop universal service support for North Pole (as an

"urban" area) separately from all of the other ACS of the Northland, Inc.

"rural" exchanges. We also believe that it will be extremely difficult, without

local knowledge, to determine which areas are sufficiently adjacent to

urbanized areas to know whether they warrant non-rural status.

We request that the definition adopted recognize all areas of

Alaska, outside of Anchorage, are rural in nature. Any definition of rural
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should include companies that predominantly serve remotely located, insular

areas with small exchanges, such as occurs in Alaska.2 We also support a

transition mechanism for companies that may change from rural to non-rural

status.

2. Most rural Alaskan companies should remain on an embedded cost
system for determining federal universal service support. A forward
looking cost model would not accurately predicts high cost support in
many rural Alaska areas.

The Joint Board is considering whether to provide universal

service support to rural carriers based on a forward looking economic cost

model as opposed to the current system where support is based on

embedded costs. The RCA believes that it will be extremely difficult to make

a forward looking model yield accurate cost estimates for rural Alaska given

the unusual circumstances faced in our state. To illustrate the complexity of

the problem of attempting to apply a model to remote, rural areas of Alaska,

the RCA has identified some of the factors that affect Alaskan costs.

2 We include Alaska as an insular area as many rural Alaska areas are isolated by wide areas
of land mass, and like Micronesia and other island areas, can only be assessable by air or
water.

Comments of the Regulatory Commission
of Alaska
October 15, 2004

Page 6 of 23

CC Docket No. 96-45



Small Exchanges and Economies of Scale

Much of Alaska is typified by isolated, remote villages with low

population. About 40 percent of all exchanges in Alaska serve under 100

access lines and 83 percent of the exchanges operate under 1000 access

lines:

Alaska Number of Percent
Access Lines Exchanges of Total

50,000 or more 1 0.4%
5,000 to 49,999 12 4.9%
1,000 to 4,999 28 11.5%
500 to 999 7 2.9%
250 to 499 22 9.0%
100 to 249 73 29.9%
50 to 99 52 21.3%
Under 50 49 20.1%
Total: 244 100.0%

The low economies of scale associated with providing service to such small

exchanges in and of itself makes it difficult to provide service at a low cost.

Further, the cost patterns for an efficient small company will always be

different from the cost patterns for an efficient large company. For example,

price discounts are often available to the large company capable of buying in

bulk and able to rely on its "buying power" to negotiate a good deal. In

contrast, Alaska's Circle Utilities, with its roughly 40 access lines, will not

generally be able to obtain the same discounts as a Bell Operating Company.
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As another example, small companies may have to contract for specialized

services (e.g., engineering) where large companies have the scale to make it

economical to provide such services in-house at reduced cost.

Because the FCC's Synthesis Model was developed primarily to

estimate the costs of large, non-rural companies, the RCA does not believe

that the Synthesis model would fairly represent the costs of Alaska's small,

remote rural exchanges. Further, given the variety of circumstances which

may affect costs of small company's (e.g., regional construction, professional

consultant, and labor costs; variations in economies and of scale and scope),

it will likely be difficult for any model to accurately predict small rural carrier

costs.

Accessibility

The historical cost models considered by the Commission for

determining high cost support have, for the most part, assumed that the utility

has ready access to its customers and its equipment. In Alaska, such is not

the case. While Alaska is comparable in size to Texas, California, Oregon,

and Washington combined, Alaska has about the same number of miles of

road as Vermont. 3 Appendix B provides a list of those locations where

3 Alaska has a total land area of 570,000 square miles, but has only 14,600 miles of road.
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access is not available by either car or train.

In Alaska, the lack of surface transportation makes aviation the

prime mode of transportation in rural areas.4 Construction and maintenance

increase when virtually every piece of plant and all work equipment must

either be flown in or, if delay is not a problem, delivered by seasonal barge

(for those places with water access). A major work project at a remote

Alaska village can require work crews to be flown in over one hundred miles,5

which further increases labor costs due to the increased travel time and the

expense of air fare. The logistics necessary to organize and provide service

and work crews under these conditions adds to the cost of service. In

general, it would not be equitable to treat Alaskan carriers under a model that

failed to recognize the increased costs associated with a lack of ready

transportation in remote, isolated, rural service areas.

Vermont has 9,600 square miles of land area and 14,300 miles of road. U.S. Department of
Commerce, Statistical Abstract of the United States, as of December 31,2001, pages 225
and 691 (2002).
4 See Appendix B at p. 23 and 164.
5 Due to the size and sparse population of the state, it is not uncommon for a utility to base its
operation from a regional hub that is far from the individual rural locations served by the utility.
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Major Acts of Nature

Construction and maintenance costs increase in areas prone to

major acts of nature such as earthquakes and floods, both of which are

common in Alaska. 6 We believe that embedded costs may provide a more

accurate means of determining cost increases resulting from acts of nature

than a model.

Climate

Costs in Alaska are often affected by several climatic factors

including a) the duration of the winter as it affects and limits construction and

maintenance;? b) snow effects (e.g., snow cover, drifts, and loading);8 c)

wind load;9 d) absolute minimum temperatures (e.g., extreme cold can lead

to brittleness of many materials); e) "chill temperature" as it affects work

crews in the field; f) freeze-thaw cycles in the presence of moisture (e.g., frost

heaves, pole jacking lO
; g) mean storm tracks and storm frequency; h)

permafrost, discontinuous permafrost, and other matters. The RCA has no

6 See Appendix B at p. 64, 102.
7 For example, there are some locations in Alaska where excavating and earthwork is

limited to July and August. See Appendix B at page 164.
8 Evaluation of snow loading is a standard design criteria in Alaska. See

Environmental Atlas of Alaska, University of Alaska, Charles W. Hartman, Philip R. Johnson,
at Plate 37 (1984).

9 "Arctic coastal wind speeds of 30 to 50 knots are common during winter months.
Usually damage will not occur if buildings are designed for strong winds." Appendix B at p. 19.

10 This is a condition where objects such as telephone poles are jacked out of the
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means to quantify the above factors so that they may be implemented in a

cost model; however, ignoring these factors when attempting to estimate

costs for many remote rural Alaskan locations could lead to inaccurate model

results.

Developing a factor to accurately predict the costs associated

with constructing in areas underlain by permafrost is complex. The costs for

utility structures founded in permafrost will depend upon the soil types

underlying the construction site, the depth of the permafrost, the presence or

absence of different types of frost features (e.g., ice wedges, frost mounds),

and a variety of other factors. II A permafrost cost factor will not be a simple

calculation based on whether or not the area contains permafrost.

Regional Differences

If a cost model is adopted for rural areas, it should not assume

that the same construction practices apply nationwide. What works in

Florida may not be practical in Alaska and vice-versa. In addition, most

areas of Alaska have limited hours of sunlight and civil twilight during the fall

and winter seasons. Decreased daylight makes all construction and

maintenance tasks more difficult. Many rural areas of the nation may have

ground due to the presence of fine grained soils and strong annual freeze/thaw cycles.
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other regional peculiarities that effect costs.

Given the above factors, we believe it would be difficult to

develop a model that reasonably predicted costs for many remote, rural

Alaskan companies. Given the limited number of Alaskan companies, any

benefits of adapting the model to accommodate unique Alaskan conditions

could well be outweighed by the cost of model adaptation and the risk of

error. We recommend that as a general rule, Alaskan rural companies

remain on some form of embedded cost system rather than moving to a

forward looking economic cost system. We believe that this would provide

the best likelihood that companies will continue to obtain sufficient support as

required under Section 254(b)(5) of the Act. We believe that other states

may well experience similar problems with applying cost models to predict

small rural company costs.

3. Using a model to determine high cost support in rural areas could
also lead to inappropriate incentives.

No model is perfect and the resulting errors will lead to an over

or under estimate of the costs of serving an area. Large companies can

average out these errors across their entire operations, an option not

available to the smaller companies. For the smaller companies, if the model

11 See Cold Region Structural Engineering, E. Eranti and G.C. Lee, McGraw-Hili Book
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support is too low, the LEC will experience incentives to delay or avoid

needed infrastructure changes. Local rates may increase and maintenance

and quality of service may be reduced. If support is too high, then the fund

will be unnecessarily burdened and funding might not be used for its intended

purpose. We conclude that any errors in the model that may occur when

applied to small, rural areas, could lead to inappropriate company incentives.

Smaller utilities also have fewer resources, making it more

difficult for them to adapt if the model fails to accommodate their cost

patterns. Small utilities also have fewer resources to determine and present

to the FCC how a model should be adjusted to accurately represent their

costs. Further, whatever small company data is available may be "drowned

out" by that for the larger carriers, unless special care is taken.

In September 2000, the Rural Task Force recommended

continued use of embedded costs for determining rural high cost support in

light of the substantial diversity between rural and non-rural carriers. We

believe that the Rural Task Force's conclusion remains valid and consistent

with the requirements of the Act. The Joint Board and the FCC should

continue to recognize the unique difficulties in providing universal service to

rural study areas by continuing to base support on embedded costs. If the

Company, at p. 186 - 341 (1986).
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FCC determines that a cost model should be used to determine high cost

support for some rural companies, then we request that the model only apply

to the largest rural utilities.

4. The Rural and Non-Rural Mechanisms Should Not be Reconciled by
Combining Them Under One Cost Model.

As previously indicated, we believe it would be inappropriate to

determine rural company high cost support with a cost model. It is

inappropriate to "reconcile" the rural and urban support mechanisms by

applying to small, rural companies a cost model designed for large, urban

companies. For years the urban and rural high cost support mechanisms

have existed separately and it is reasonable to continue this separation.

5. Density is not always a good indicator of a company's costs.

In the Public Notice, the Joint Board asks whether proxy data

such as line counts, line density, or others measures could be used for

developing cost of service and need for universal service support. While

density is an important factor affecting costs, it is not always indicative of

where high costs will occur and should not be used as the sole means for

determining support levels. For example, many of Alaska's rural areas are

typified by remote and isolated villages where the villagers live fairly close
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together. As a result, household density at the village might be (relatively)

high, loop lengths short, and the central office nearby. If only subscriber

density per village or wire center were considered, many areas of Alaska

could be perceived to be low cost areas when the opposite is true.

A density-based method for determining support may also be

difficult to administer, and would depend upon the area chosen for the

measure. For example, would density be measured by service area, wire

center, city block, census block group, or by some other criterion? It may be

impossible to come up with a fair means to measure density.

6. Local Switching and Loop Support Mechanisms Should Not Be
Combined Absent a Fully Explained Proposal and Analysis of the
Effects.

One of the options under review by the Joint Board is whether,

under an embedded costs system, the loop and switching support

mechanisms should be combined in some manner. These two programs

were designed to address different problems and should remain discrete.

Combining these funds should not occur absent details on how the

combination would occur, and how the proposal would affect small rural

company rates.
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7. The Joint Board Should Not Combine Costs at the Holding Company
Level for Purposes of Determining Universal Service Support.

The RCA opposes the idea that separate legal entities under a

common holding company should receive high-cost support as if they were

one company based on the average holding company costs. This approach

would artificially reduce levels of support as support would not be based on a

utility's own costs, but on the unrelated costs and characteristics of an affiliate

that may be based several hundred miles away. For example, ACS of

Anchorage, Inc. (ACS-AN) and ACS of the Northland, Inc. (ACS-N) are two

separate legal entities under the same holding company, yet each have

substantially different characteristics and service areas. ACS-AN primarily

serves Anchorage, Alaska's largest and only urban service area. ACS-AN

serves over 140,000 access lines, has road access to virtually all of its

customers, and faces local competition. In comparison, ACS-N serves

primarily remote, small, rural villages, most of which are over a hundred miles

away from Anchorage. ACS-N's average exchange size is under 1000, with

70% of all of its exchanges under 200 lines. Over 80% of the ACS-N

exchanges do not have road access and there is little to no local competition

in ACS-N's service area. There is very little similarity between ACS-AN and

ACS-N and we believe it would be unreasonable to combine these two

companies for purposes of determining universal service support. Such a
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policy would only serve to arbitrarily reduce and unjustly eliminate high cost

support to ACS-N. ACS-N indicates that developing support on a holding

company level would require it to raise its rates by 200%.

Developing support based on holding company costs would

also lead to anticompetitive effects. As indicated above, ACS companies in

Alaska serve both areas where there is local exchange competition and areas

where there is little to no competition. Using holding company average costs

would mean that ACS company support would be reduced or eliminated while

ACS would still be required to serve remote rural study areas of the state. In

contrast, ACS' main competitor, GCI, would receive the same level of support

as ACS, but would have no obligation to serve the remote rural study areas.

This would be anticompetitive, illustrating the fundamental flaw produced by

providing support based on holding company costs. Given the potentially

large size of holding company areas, there may be no equitable way to

provide support to an incumbent based on holding company costs when the

competitor receives the same level of support but may serve a much smaller

area with fewer high cost lines. Trying to determine holding company costs

would also lead to another layer of administration and unnecessary

calculation that would increase operating and regulatory costs.

In summary, we believe that a proposal to develop rural support
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based on holding company average costs would arbitrarily reduce levels of

support to rural areas, leading to higher local rates in rural Alaska, increased

incentives for the holding company to sell off rural properties, and reduced

incentives to build and maintain infrastructure. This would contradict the

goals of preserving universal service, promoting competitive neutrality, and

ensuring fund sufficiency and predictability. Rural study area carriers and

consumers would be penalized simply because of their affiliation with a larger

holding company.

8. The Joint Board should not force consolidation of study areas held
by the same company in a state.

For the reasons explained in the previous section, the Joint

Board should also not adopt any proposal that would force merger of study

areas held by the same holding company within a state.

9. Support Should Not be Calculated Using Statewide Averages.

We believe that calculating rural support based on statewide

average cost is contrary to the concept that support be sufficient. It is

unreasonable and contrary to the goal that universal service support should

be targetted to those areas where support is most needed This would be

especially harmful to Alaska, with essentially, only one large city (Anchorage),

Comments of the Regulatory Commission
of Alaska
October 15, 2004

Page 18 of 23

CC Docket No. 96-45



which would likely end up paying for the loss in support for all other rural

areas across the state under a statewide average approach. This would

unfairly proportion to Anchorage customers the responsibility for universal

service, even though consumers nationwide benefit by the ability to contact

all areas of Alaska.

Calculating support based on statewide average costs could

lead to a situation where Alaska would receive little to no federal universal

service support even though it is unquestionable that Alaska rural areas

experience extremely high costs of service. This is counter intuitive and

contrary to the intent of the Act.

Lost federal support would need to be recovered either through

material increases in local rates, a result contrary to the goal of universal

service, or though material increases in the Alaska Universal Service Fund. It

is unreasonable for the Alaska Universal Service Fund to be given the sole

burden of ensuring nationwide access to Alaska's high cost rural exchanges.

Alaska would also be unduly impacted compared to other states given its low

population base and limited ability to absorb large decreases in federal

support.
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10. The Commission Should Continue to Calculate Rural Support
Based on Study Area Costs.

Developing rural support based on study area costs remains the

best available option. As indicated above, we believe that determining costs

based on a higher level of aggregation (e.g., by holding company average or

statewide average) is unreasonable and will produce negative consequences.

We also believe that determining costs on a lower level of aggregation (e.g,

by wire center) has not been shown to be necessary and would require such

a granular analysis as to materially increase rural carriers' administrative

costs.

11. High transport costs.

The Joint Board asks whether carriers experiencing high

transport costs should receive high cost support. If the Commission

determines that high transport costs should be supported, then it should also

take into account the unique structure in Alaska whereby the transport and

the local switching and loop services are provided by separate companies.

Alaska should not be denied transport support because of the historical

manner in which services evolved in Alaska. 12

12 Alaska is not served by a Bell Operating Company nor does Alaska have LATAs. Unlike
the rest of the nation, local carriers in Alaska do not provide transport between exchanges
except in certain urban areas.
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12. Growth in the Universal Service Fund Should Not Be Addressed in a
Piecemeal Fashion.

We share the concern that the universal service fund must

remain viable over time and undue growth in the fund compromises that goal.

However, it appears unreasonable for appropriate rural mechanisms to face

the brunt of concern and criticism over excessive fund growth when these

mechanisms are not the primary source of the growth. First, the rural loop

and switching support mechanisms (the focus of the Joint Board's review)

comprise only about half of all high cost programs:

2003
Programs 2003 Percentages

Embedded High-Cost Loop
Support $ 1,079.5 33.0%

Safety Net Additive Support 7.1 0.2%
High-Cost Model Support 236.8 7.2%
Long-Term Support 502.1 15.3%
Interstate Access Support 619.4 18.9%
Interstate Common Line Support 398.0 12.2%
Local Switching Support 429.8 13.1%

Total High-Cost Support $ 3,272.7

Second, between 1998 and 2003 about 64% of the growth in the high cost

programs was due to the interstate access support and interstate common

line support programs. Both of these programs together increased the fund
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by over $1 Billion. In comparison, for the same period the rural loop and

switching support mechanisms accounted for only about 19% of the growth in

the high cost programs. The rural high cost fund should not be singled out

as the primary source of fund growth.

Conclusion

We recommend that rural support continue to be provided

under an embedded mechanism and based on study area costs. The loop

and switching support mechanisms should not be merged absent further

review and a full understanding of the effects on rural companies. The

definition of Rural Telephone Company should be preserved, but with an

added condition related to average exchange size.
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RESPECTFULLY SUBMITTED this 15th day of October, 2004.
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Appendix A

Alaskan Exchange Sizes and Accessibility



Exchanges

Reachable
b T· C

Access Local
L" UfnL focalon mes I ny ly ram or ar

1 AnchoraQe 144,971 ACS-AN Yes
2 Fairbanks/Globe/ 36,462 ACS-AF Yes

Gilmore
3 Juneau/ Lena 18,012 ACS-AK

Point
4 Wasilla 17,809 MTA Yes
5 Palmer 12,498 MTA Yes
6 Eagle River 11,986 MTA Yes
7 Ketchikan 11,358 Ketchikan
8 Soldotna 10,485 ACS-N Yes
9 North Pole 10,137 ACS-N Yes

10 Kodiak 8,320 ACS-N
11 Kenai 7,375 ACS-N Yes
12 Homer 6,589 ACS-N Yes
13 Sitka/Mt. 5,903 ACS-N

EdQecumbe
14 SterlinQ 4,918 ACS-AK
15 Bethel 4,124 UUI
16 Seward 3,723 ITC Yes
17 Barrow 3,693 ASTAC
18 Valdez 3,644 CVTC Yes
19 Chugiak 3,399 MTA Yes
20 Nome 3,398 Mukluk
21 Ft. WainwriQht 3,187 ACS-AK Yes
22 PetersburQ 2,793 ATC
23 Big Lake 2,557 MTA Yes
24 Unalaska/Dutch 2,343 ITC

Harbor
25 Dillingham/ 2,292 Nushagak

AleknaQik
26 Eielson 2,278 ACS-AK Yes
27 Delta Junction/Ft 2,114 ACS-N Yes

Greely

28 Cordova 1,942 Cordova
29 Glennallen 1,887 CVTC Yes
30 Kotzebue 1,887 OTZ
31 Wrangell 1,886 ATC
32 Haines 1,633 ATC Yes
33 DouQlas 1,620 ACS-AK
34 King 1,538 BBTC

Salmon/Naknek
35 CraiQ 1,360 ATC
36 North Kenai 1,333 ACS-N Yes
37 Talkeetna 1,307 MTA Yes
38 SkaQway 1,290 ATC Yes
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ReachableAccess Local
L"L focalon mes Utility by Train or Car

39 Tok 1,244 ATC Yes
40 Healv 1,206 MTA Yes
41 Willow 1,139 MTA Yes
42 Metlakatla 977 ATC
43 Deadhorse/ 882 ASTAC Yes

Prudhoe Bay
44 Ninilchik 735 ACS-N Yes
45 Hoonah 585 ACS-N
46 Yakutat 568 ACS-N
47 Klawock 558 ACS-N
48 Sand Point 507 ITC
49 Clear/Anderson 466 MTA Yes
50 Unalakleet 457 UUI
51 St. Paul 446 ACS-N
52 Kake 442 ACS-N
53 McGrath 435 UUI
54 Gustavus 423 ACS-N
55 Galena 421 ITC
56 Nenana 383 ACS-N Yes
57 Seldovia 376 ACS-N
58 Moose Pass 373 ITC Yes
59 Thorne Bay 353 ACS-N
60 King Cove 352 ITC
61 Aniak 342 Bush-Tell
62 Fort Yukon 325 ITC
63 Pt. Hope 295 ASTAC
64 Cooper Landino 292 ITC Yes
65 Nuiqsut 287 ASTAC
66 Angoon 284 ACS-N Yes
67 Wainwrioht 278 ASTAC
68 St. Mary's 273 UUI
69 Emmonak 264 UUI
70 Toqiak 260 UUI
71 Hooper Bay 244 UUI
72 Mountain Villaqe 243 UUI
73 Red Dog 242 OTZ
74 Whittier 236 YTC Yes
75 Hvdaburq 234 ATC
76 Klukwan 219 ATC Yes
77 Iliamna/ 217 ITC

Newhalen
78 Chevak 207 UUI
79 Shishmaref 200 Mukluk
80 Cantwell 197 MTA Yes
81 Kaktovik 195 ASTAC
82 Teller/Brevig 192 Mukluk

Mission
83 Gambell 189 UUI
84 EagleNillaoe 186 NCTC Yes
85 Pelican 182 ACS-N
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Reachable
b T· C

Access Local
L" urnL roca Ion mes Illy ly ram or ar

86 Noorvik 179 OTZ
87 Kipnuk 176 UUI
88 Quinhaqak 176 UUI
89 Savoonqa 176 UUI
90 Cold Bay 173 ITC
91 Kwethluk 172 UUI
92 Selawik 171 OTZ
93 Northway 169 ACS-N Yes
94 St. George 167 ACS-N
95 Alakanuk 162 UUI
96 Anaktuvuk Pass 158 ASTAC
97 Tanana 156 YTC
98 Kalskaq 155 Bush-Tell
99 Tyonek 152 MTA

100 Toksook Bay 148 UUI
101 Chignik 147 ACS-N
102 Ouzinkie 147 ACS-N
103 Port Lions 147 ITC
104 Atqasuk 142 ASTAC
105 Kotlik 142 UUI
106 Stebbins 139 Mukluk
107 Kiana 137 OTZ
108 Coffman Cove 136 ACS-N
109 Kasigluk 135 UUI
110 Nulato 134 ACS-N
111 St. Michael 134 Mukluk
112 Nunapitchuk 130 UUI
113 Pt. Lay 130 ASTAC
114 Egegik 128 ACS-N
115 Old Harbor 127 ACS-N
116 Pilot Station 127 UUI
117 Napaskiak! 124 UUI

Oscarville
118 Akiachak 123 UUI
119 Koyuk 120 Mukluk
120 Scammon Bay 120 UUI
121 Nondalton 118 ACS-N
122 Cleary Summit! 117 Summit Yes

Chatanika
123 Noatak 117 OTZ
124 Akutan 115 ACS-N
125 Ambler 115 OTZ
126 Buckland 115 OTZ
127 Huslia 115 ACS-N
128 Kaltaq 114 ACS-N
129 Kivalina 112 OTZ
130 Larsen Bay 112 ACS-N
131 Kwiqillinqok 111 UUI
132 Tenakee Springs 111 ACS-N
133 Elim 110 Mukluk
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Reachable
b T" C

Access Local
L" urnL roca Ion mes I HV )y ram or ar

134 Port Graham 109 ACS-N
135 Central 107 UUI Yes
136 Manokotak 107 Nushaaak
137 New Stuyahok 107 BBTC
138 Eek 104 UUI
139 Napakiak 104 UUI
140 Port Allsworth 102 ACS-N
141 Port 102 ACS-N

Heiden/Meshik
142 Tununak 101 UUI
143 Kongiganak 100 UUI
144 Marshall 98 UUI
145 Chianik Laaoon 97 ACS-N
146 Ruby 96 YTC
147 Russian Mission 96 UUI
148 Shaktoolik 96 Mukluk
149 Tuntutuliak 96 UUI
150 Mekoryuk 92 UUI
151 Allakaket 91 Bettles
152 Pilot Point 91 ACS-N
153 Chefornak 90 UUI
154 Akiak 89 UUI
155 Holy Cross 89 Bush-Tell
156 Chignik Lake 88 ACS-N
157 White Mountain 88 Mukluk
158 English Bay 85 ACS-N
159 Hyder 85 ATC
160 Goodnews Bav 84 UUI
161 Ekuk/Clarks Pt. 80 Nushagak
162 Shunanak 80 OTZ
163 Atka 79 ACS-N
164 Wales 78 Mukluk
165 Atmautluak 77 UUI
166 Manley Hot 77 UUI

Springs
167 Naukati 77 ATC
168 Hollis 76 ATC
169 Kokhanok 76 ACS-N
170 Nelson Lagoon 76 ACS-N
171 Perryville 76 ACS-N
172 Golovin 75 Mukluk
173 Halibut Cove 75 ACS-N
174 Tuluksak 75 UUI
175 Newtok 73 UUI
176 Elfin Cove 72 ACS-N
177 Deerinq 71 OTZ
178 Niqhtmute 71 UUI
179 Minto 70 UUI
180 Port Alexander 70 ACS-N
181 False Pass 68 ACS-N
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Reachable
b

Access Local
L" UfnL foca Ion mes II y IV Train or Car

182 Bettles 67 Bettles
183 GraylinQ 67 Bush-Tell
184 Pedro Bay 64 ACS-N
185 Venetie 64 UUI
186 Kovukuk 63 ACS-N
187 Little Diomede 59 Mukluk
188 KoliQanek 58 BBTC
189 Levelock 58 BBTC
190 Kasaan 57 ACS-N
191 Shaqeluk 55 Bush-Tell
192 Anvik 54 Bush-Tell
193 Chitina 51 CVTC Yes
194 Ekwok 50 BBTC
195 Huqhes 49 ACS-N
196 Sheldon Point 49 UUI
197 Kobuk 48 OTZ
198 Mentasta 48 CVTC
199 Akhiok 47 ACS-N
200 Chenega Bay 44 UUI
201 Tatitlek 44 CVTC
202 Chalkvitsik 43 UUI
203 Cube Cove 42 ACS-N
204 Kazakoff Bay 42 ACS-N
205 Tetlin 42 ATC Yes
206 Arctic Villaqe 41 UUI
207 Border City 41 ACS-N Yes
209 Chuathbaluk 41 UUI
210 Nikolai 41 UUI
211 Nikolski 41 ACS-N
212 Crooked Creek 40 Bush-Tell
213 Sleetmute 40 Bush-Tell
214 Circle 38 Circle Yes
215 Dot Lake 38 ATC Yes
216 Beaver 36 UUI
217 Whale Pass 35 ATC
218 Dry Creek 34 ATC
219 Point Baker 34 ACS-N
220 Stevens Village 34 UUI
221 Hobart Bay 33 ACS-N
222 Platinum 33 UUI
223 Rampart 33 UUI
224 Takotna 33 UUI
225 Iqiuqiq 32 BBTC
226 Red Devil 29 Bush-Tell
227 Twin Hills 29 UUI
228 Ivanoff Bay 28 ACS-N
229 Karluk 28 ACS-N
230 McCarthy 28 CVTC Yes
231 Edna Bay 27 ATC
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Reachable
b T· C

Local
urn

Access
L"rLoca Ion mes I Hy )y ram or ar

232 Lake Minchumina 27 UUI

233 Healy Lake 26 ATC
234 Meyers Chuck 24 ATC
235 Chena Hot 22 Summit

Springs Yes
236 Coldfoot! 21 Summit

Wiseman Yes
237 Lime Villaqe 21 UUI
238 Stony River 21 Bush-Tell
239 Livengood 20 UUI Yes
240 Chisana 16 ATC
241 Birch Creek 13 UUI
242 Jim River Camp 5 Bettles
243 Council 4 Mukluk
244 Telida 3 UUI
245 Chatham ACS-N
246 Gakona CVTC
247 Pitkas Point UUI
248 Port Moller ACS-N
249 Portage Creek N/A
250 Slana CVTC
251 Tanacross N/A
252 Tin City

Access Line data provided by the Alaska Telephone Association for the year 1999-2000.

Circle - Access Line data for Circle not reported, so an estimate was used.
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JULY

MINIMUM
TEMPERATURE:

Mean Minimum Temperature Distribution, Jl

Mean Minimum Temperature Distribution, Janu,

Mean Maximum Temperature Distribution, Janu

Mean Maximum Temperature Distribution, July

Temperature
. F' ITemperature patterns appear In Igures 7 through 10. Th

range of more than 100 degrees F between summer high an
winter low temperatures in the Interior is characteristic of th
Continental Zone. just as a range of only about 40 degrees F
typical of the Maritime Zone to the south. The Nation,
Weather Service, the official weather reporting and recordin
agency of the federal government. reported 100 degrees F ,
Fort Yukon on June 27, 1915, as the highest recorded tempe'
ature in the state. The lowest recorded temperature was mine
SO degrees F at Prospect Creek, about 25 miles southeast c
Settles. on January 23, 1971.

In general. temperature patterns shown are representativ
since the map scale makes it impossible to show them individL
ally. The variety of terrain in Alaska creates microclimates c
small areas where temperature, precipitation, or both will var
from that of the surrounding area. For example. summer fro!
in interior Alaska varies in frequency from one location t,
another but correlates most closely with elevation. Sites
higher elevations have greater frost frequency and cannot b
shown on a small scale map.

Figure 10

Figure 7

Figure 9

Figure 8

JUL.Y

\

\
\

MAXIMUM
TEMP='E,RATUAE

JANUARY

.....AXI ...... U .....
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Heating Degree Days
Home heating begins when the air temperature is near 65

degrees F. Mean temperatures below 65 degrees accumu late
heating degree days (Figure 131. When the mean temperature
for a particular day is above 65 degrees, cooling degree days
are measured. For design purposes the addition of 500 heating
degree days for the Aleutian Islands and Southeast Alaska and
1.000 for the remainder of the state to the values shown on
the chart for these areas will approximate one occurrence every
10 years.

Freezing Degree Days
F or design purposes, freezing degree days of 1,000 more

than the mean (Figure 11) will approximate an extreme that
can be expected once in a 10-year period (Johnson, Hartman
19691_ North of the Bering Strait, lines of equal freeZing degree
days at the coast are linear with values farther inland reflecting
wimer conditions. A curved panern shows the influence of the
unfrozen sea in the central and southern Bering Sea. The
southern limit of isolated permafrost falls close to 2,000 freez­
ing degree days on the Alaska Peninsula. A general relationship
is not apparent between freezing degree days and other perma­
frost conditions.

Thawing Degree Days
The presence of penmafrost depends on thawing as well as

freezing. Thawing degree days (Figure 121 also measure summer
duration and temperatures. Areas with lower values of thawing
degree days than freezing degree days tend to have some
penmafrost. Areas with low thawing degree days and high
freezing degree days are candidates for continuous permafrost.

The uniformity of thawing degree days in interior Alaska
is caused by higher summer temperatures, which compensate
for longer thawing seasons farther south. It results in a fairly
uniform tYpe of forest cover, except where altitude reduces the
length of the growing season for forest species. For design
purposes in Alaska, thawing degree days which are 300 degrees
greater than shown will Occur approximately once every 10
years_

F'AEE.ZING
DEGREE CAYS

THAWING

OEGREE OAVS

HE.ATING

OEGREE.OAVS

i'
',-

" '---------'

A LAS It A

O~~J", \

~-==:::::::::':~!so....A,-\

,.

Annual Thawing Degree Day Distribution

Annual Freezing Degree Day Distribution

Annual Heating Degree Day Distribution

Figure 11

Figure 12

Figure 13

Degree Days
Degree days measure the departure of mean daily tempera­

ture from a given standard, one degree day for each degree of
departure above or below the standard during the day. The
standard for heating degree days is 65 degrees F, for freezing
and thawing, 32 degrees F. Degree days are usually accumulat·
ed over a period of time or season.

By using the temperature panern data of an area, thermal
loads can be measured over a period of time, usually one year.
Heating, freezing, and thawing loads are often measured in
degree days per year.

Heating degree days measured below 65 degrees F provide
information for calculating the annual fuel requirement for a
heated building. The freezing degree days measured below 32
degrees F provide a basis for calculating the gepth of annual
ground freezing or ice thickness, while the thawing degree days
measured above 32 degrees F provide a measure of ground
thaw during spring.
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Wind
Rotation and uneven heating of the earth's suriace com·

bine to create a model global circulation panern shown in
Figure 14 (Miller, Thompson 1970). These combined forces
create three major circulation cells between the equator and
the pole. Heated air at the equator rises and moves north, then
gradually turns east at a latitude of 30 degrees under the
influence of the earth's rotation. Air accumulates, creating high
pressure at the surface. To equalize this pressure, air flows
outward from the high towand the south as northeanerly trade
winds and northeastward as prevailing westerlies. Cold air from
the Arctic flows southwest and meets the warmer moist air
moving north. Again air accumulates. this time at the earth's
surface where it is forced upward by temperature gradient
effect. Th is air mass divides in the upper atmosphere, part
flowing north and part south, completing the circulat ion of the
three cells. This last zone of upward moving air varies between
50 and 60 degrees latitude and provides the cond ilions for
storms that form in the northern and western Paci fie Ocean
and move eastward to the south of the Aleutian Island chain
into the Gulf of Alaska.

The earth's atmosphere is broken into numerous high and
low pressure cells. These relate to certain types of weather.
High pressure usually indicates improving or good weather; low
pressure, deteriorating or stormy weather. Movements of air or
wind are commonly related to tangible weather events but
actually result from fluctuations in air pressure. Air in a high
pressure cell flows toward a low ·pressure cell, creating wind
movement. The speed of moving air is related to the difference
in pressure over a given distance; the greater the pressure
difference, the greater the wind speed.

Wind Channeling
Wind speeds may also increase by channeling IF igure 15),

Water provides a good example of this channeling eHect. In a
wide channel water may flow at a speed of five knots. If the
channel narrows, the speed of the current increases in order to
carry an equal volume of water in an equal amount of time.
Wind reacts in the same way. Valleys and mountain passes
form narrow channels. The best example of this in t:he Arctic
Region is the Killik River valley. Observers flying over the
valley in winter often report that strong winds have swept the
ground bare of snow. Sheltered areas nearby are still covered
with snow. Other examples of this are Anaktuvuk Pass and the
Chandler River valley. Wind speeds in these special areas may
double or triple.

Chill Temperature
The human body or any body warmer than the surround·

ing air, loses heat to the air. The rate of loss depends on the
barriers to heat loss, such as clothing, insulation, and air. Air at
body temperature reduces the loss to zero. Heat loss continues
in changing air that is lower than body temperature. The rate
depends on temperature differential and rate of change. Even a
light wind resu Its in an increased rate of heat loss. A strong
wind can produce a rate loss greater than the body can replace
it, resulting in a lowering of body temperature. The relation·
ship between body heat loss and wind speed has been develop·
ed and is shown in graphic form in Figure 16. Prooer Clothing
protects the body from extreme cold and wind.

Global Wind Circulation Pattern

o

Wind Channeling

10

eQUIVALENT CHILL TEMPERATURE

Figure 14

~

Air flowing through narrow gaps, such as mountain valleys, is accelerated. The more
severe the restriction, the greater the acceleration.

Figure 15
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Arctic weather sharply contrasts with weather in other
parts of Alaska. Average temperatures are cold, and persistently
strong winds blow over the northern half of the area. Although
the terrain is continuously wet in summer and dotted with
lakes. the amount of precipitation is low. Therefore, except at
higher elevations, the region is classified as a desert-a desert of
frozen land.

In the Arctic weather is critically important to man. At
times, wind and temperature make outdoor activities difficult
or impossible. The primary mode of transportation, flying.
depends heavily on weather conditions. Surface transportation
is restricted to a limited road system during warm months but
increases when the tundra is frozen and snow-covered.

The Arctic Region and the Arctic Climatic Zone are geo­
graphically the same. Despite the proximity of the offshore
icepack to land for at least 10 months of the year, the Arctic
Ocean and Beaufort Sea have a modifying effect on coastal
temperatures.· On the southern extremitY of the region the
Brooks Range affects both temperature and precipitation. Sur­
face winds are relatively strong along the Coast but weaken ano
become more variable further inland. In the mountains wind
speeds accelerate as they are channeled through north-south
oriented passes (Figure 15).

The nine locations shown in Figure 17 are the only
stations that provide weather data for the immense Arctic
Region. Only at these locations have temperature and precipita­
tion data been consistently recorded and summarized. Wind
data are available only for Barrow, Umiat. Cape Lisburne, and
Kaktovik (Barter Island!. Because of the small amount of
usable data for Oliktok, the figures shown for that station do
not necessarily represent average conditions.

During exploratory oilwell drilling, observations were
made at a number of locations near Prudhoe Bay. These
records. which included information relating to aviation weath­
er, did not include daily values of high and low temperature
and precipitation. The data were not routinely summariZed.
therefore, although the locations of the observation points are
shown on Figure 17, basic weather data are not shown for
these sites. With the exception of Oliktok, a military Dewline
station, data from the weather stations shown in Figure 17 are
available from the National Climatic Center, Federal Building,
Asheville, North Carolina 28801 and the Arctic Environmental
Information and Data Center, University of Alaska. Anchorage.

Five stations on the coast from Barrow southeastward
provide adequate data coverage for that portion of the coasta I
region. The remainder of the region is inadequately covered by
weather reporting stations. Therefore. the sparsity of data sta­
tions requires that a great deal of subjective analysis be used to
portray regional climatic panerns.

()

't
! .

WAINWRIGHT
Temp. summer 30° to 49°. winler -2

Extreme -560 10 800

Pcpn. 6" includes 12" snow

.; l ~

! .

ji.

POINT LAY
Temp summer 32° 1053°. winter _270 to ·5°

Ell'reme ·!S5° to 78°
.' PCP". 7" includes 21" snow

CAPE LISBURNE
Temp. summer 340 10 520. winlcr ·200 10 50

E.lremeo -0470 to 740
Pcpn. IS" includes GO" snow
Avg. wind: E 10.5 kIS.119.3 kph)
E.uerne wind: 60 ku. 1110 kph)

!

./

..~

j.~ ..
/~....

Climate 10



-----NOVE:wSEFI--

,A.cS.,ted from Na1ioNiI WeathCf' Se,...,ice ch8rtS.

_ Primary Storm Track

----.. Secondary Storm Tr.tCk

-101:'- Sea Level Pressure in Millibars (mb)

Lines called isobars connect points of equal surface pressure. Units of pressure are recorded in
millibani rather than inc:hes of mercury in order to better show very small changes in pressure.
O".e millibar is approximately 0.03 inches of meT"cury. The ar-ea of high pressure found in the
upper center of eadl of the four charts is a semipermanent pressure condition. Period of
record is 40 years.

Figure 18 Average Storm Tracks and Sea Level Pressure Patterns for
Four Months of the Year

Whiteout in the Arctic.

Weather conditions along the coast are reasonably repre·
sented by the conditions at Barrow and Barter Island. except
fog which differs seasonally between the two locations. Since
terrain is flat and most storms move west to east, all areas are
affected in much the same way.

Inland from the coast, weather conditions are more locally
variable. Umiat, in the foothills of the Brooks Range at the
bend of the Colville River, is the only inland station with
significant data. Sporadic data are available from Sagwon and
more recently from pipeline construction camps along the
trans-Alaska pipeline route. Inland surface winds are lighter and
slightly more variable in direction. Temperatures have a greater
range than along the coast, but precipitation is about the same.

Weather conditions at Anaktuvuk Pass are greatly influ·
enced by local terrain and are therefore unique to that loca·
tion. For example, as surface winds are channeled through the
pass, they become quite strong at times.

Mean Storm Tracks and Storm Frequency
During World War" historical weather maps of the north·

em hemisphere were prepared for the period from 1899
through June 1939 (Klein 1957). Mean storm tracks for the
northern hemisphere were computed from this data to show
the source and movement of storm centers.

August is the only month that a primary storm track
aosses through the Bering Sea into northwest Alaska. During
other months secondary storm tracks affect some part of the
Arctic Region. Storm patterns for 4 of the 12 months are
shown in Figure 18. Mean pressure patterns (U.S. Weather Bureau
1952) are superimposed onto the storm tracks. The panerns
for all 12 months show an average east to west flow of air in
the Arctic. Surface winds at Barter Island, however, prevail
from the west 3 months of the year. The small scale climatol·
ogy of that area permits locally prevailing west winds, while
large scale air movement is from east to west.

With a primary storm track into the Arctic on Iy during
August, the annual frequency of storms is considerably less
than in other parts of Alaska. The statistics in Figure 19 reflect
the percentage frequency of occurrence in days or portions of
days averaged over 40 years of record for geographic areas with
dimensions of 5 degrees latitude by 10 degrees longitude. The
highest frequency of occurrence is during summer months with
August the highest. However, even the frequency in August is
low, especially when compared to the Bristol Bay and western
Gulf of Alaska regions.

11 Climate
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Figure 20 Sunlight am! Darkness

Solar Radiation of Sunlight and Heat
Latitude and the season of the year determine the length

of each day at a particular location (F igure 20). In the north
days are longer in summer and shorter in winter than at more
southerly latitudes. Twilight marks the beginning of darkness or
sunlight.

The three twilight terms in use are civil, nautical, and
astronomical. Civil twilight, the term most frequently used, is
the time of day when the sun is below the horizon by 6
degrees or less. Nautical twilight represents the range between 6
and 12 degrees below the horizo", and astronomical twilight is
between 12 and lB degrees below the horizon (American
Meteorological Society 1959), Beyond lB degrees sunlight no
longer results from bending the sun's rays, but is reflected light
such as from the moon. At the end of civil twilight visibility is
drastically reduced affecting most outdoor activities.

The sun rises at Barrow at 1:06 a.m. on May 10th and
does not set again until August 2nd at 11:51 p.m. with an
elapsed time of 84 days, 21 hours. and 3 minutes CU. S. Naval
Observatory). Actually, darkness ceases with the beginning of
civil twilight at 1:03 a.m. on April 23rd and does not begin
again until the end of twilight at 11:59 p.m. on August 19th.
The total elapsed time without complete darkness is 11 B days,
22 hours, and 56 minutes. The sun sets in Barrow at 12:50
p.m. on November 18th and does not rise again until January
24th at ":51 a.m. with an elapsed time of 66 days. 23 hours,
and 1 minute. However, a short periOd of twilight or indirect
sunlight occurs during each of these days, ranging from 2 hours
and 5B minutes in December to slightly more than 6 hours in
November and January. Although the sun does not appear
above the horizon for almost 67 days, approximately 12'/, days
of twilight occur at daily intervals of varying length.

Summer ill the Rrctic foothill~.

Climate
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Temperature
The Arctic receives most of its heat energy during sum·

mer. The decrease of heat energy in fall and winter is gradual
at southern latitudes, but is dramatically rapid at extreme
northern latitudes. Decreases in temperature follow the same
panem, especially after heat energy from the surface to the
atmosphere exceeds the incoming heat from the atmosphere to
the surface. Then, temperatures in the Arctic are influenced by
air flow which periodically carries warmer air to the north.

In the Arctic the heat energy balance becomes negative­
more outgoing than incoming-in September, compared to mid­
October for southern Alaska. From September until the end of
December both maximum and minimum temperatures drop
rapidly. A slight warming trend occurs in most of the region in
January. Temperatures reach their lowest point in February,
move upward beginning in late March, and rise rapidly from
April to July. The heat energy balance becomes positive again
in late March or early April. Figure 23 shows average maximum
and minimum temperatures and extreme temperatures for loca·
tions where data are available.

February is the coldest month at all stations except
Anaktuvuk, where January is the coldest (Environmental Data
Service, U. S. Department of Commerce, various dates). Aver­
age minimums range from about minus 35 degrees F (minus 37
degrees Cl along the foothills of the Brooks Range to approxi-

mately minus 25 degrees F (minus 32 degrees Cl along the
north and northwest coast to minus 20 d99rees F (minus 29
degrees Cl along the extreme southwestern coast. Ju Iy is the
warmest month in the region. Average Fahrenheit maximums
range from the mid· to low 60s along the foothills to the
mid-40s along the north coast to the mid-50s along the south·
western coast. Summer minimum temperatures drop below freez­
ing in all areas but average below freezing at only three of the
seven observation sites. Extreme temperatures, both warmest
and coldest. occur in the foothills or mountain areas.

In the Arctic, chill temperature values are more important
to biologic systems than the free air temperature. Cold winter
temperatures coupled with strong winds produce chill tempera­
tures that require extreme precautions before outdoor activity
is conducted. Figure 24 reflects chill temperatures for each
degree and mile per hour of wind. This detailed interpolation
of equivalent chill temperature is presented in addition to
Figure 16 since this climatic condition is so important to man's
occupancy and use of the land.

The frequencies of occurrence of chill temperatures at
three locations are presented in Figure 25. Barrow is used to
represent the area from the coast inland approximately 50
miles, Umiat for the interior beyond 50 miles, and Cape Lis·
burne for the western coastal area.

Figure 23 Temperature Averages and Extromes

Avcrayo mf)ximum~. minimums, and o><trcmcs hClYI1

l>lmn combined on a sinu1e chart for tile nine availahle
ohsr.rv81ion lo(".ations. This 1:1110\.\'5 comparisons he­
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changes thnt occur dllrin~1 sprill9 omJ fall montlls.
necause only one to five yams of rnc:ord tiro DYllilahlu
for alik10k, the infortn,1tion prosontod for 1his
station dO~5 not allow long-term avorftginu.
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Figure 24 Cooling Power of Wind Expressed as "Equivalent Chill Temperature"
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Temperatures of zero and colder are! critical in the Arctic because of moderately strong surface winds.

VVind s.Pe"eOS are in MPH. Tempernure OF.

.A.d..apted from U.S. Air Fora. ArC'tic Aerorneoial Laboratory .nd Scientif;c SerYH:ei. 11 th Weather SQuadron
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Figure 25 Frequency <1f Occurrence
of Chill Temperat\.lres.jJt Barrow,
Cape Lisburne, and Umiat.

Data summaries. are available only from these three
locations. For most planning purposes Barrow is
considered representative of the north arctic coast.
Cape Lisburne of the western and northwestern
= lII'"d Lmiat of the i""'rior plains ord fClOlhil~.

Period of records: Barrow-20 y""'. Cape Lisburne
_14 yea",. Umiot-8 year>.

Adacrted from U.s. Air Force. Air W.~er Service.
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Adcned from the National OceInic and Atrnos;lheric Administration Environmental D8u Sefvic..
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The line graph plot of the nine data stations shows the distribution of
precipitation thrOlJgh the year, showing clearly the comparatively heavy
precipitation that occurs in late summer and early fall. Period of record
is 8 to 20 years.
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11.0

10.0

Figure 26 Average Monthly and Annual Precipitation

In COntrast to the single period in August when most precipitation occurs, the
snow1all panern shows a primary peak in October and a secondary peak in
spring which varies from February to May. Period of record is 8 to 20 years.

Adapte<l from the National DeNnic and AtmosPheric Administration Environmental Data Servic:e.

Figure 27 Average Monthly and Annual Snowfall
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Precipitation
Annual precipitation amounts depend on many climatic

interrelationships such as global weather patterns, terrain of the
surrounding area, and air temperature. Annual precipitation
amounts in the Arctic are generally low (Environmental Data
Service, U. S. Department of Commerce, various dates). Any
exception can be explained by special conditions affecting one
or more of me three factors mentioned above.

Global weather patterns, partially presented in Figure 18,
show major storm tracks. During all months except August the
major storm track in Alaska is along and to the soum of the
Aleutian Island chain, Alaska Peninsula, and into me Gulf of
Alaska. There are many minor storm tracks. One pushes storms
in a west to east movement along me Alaskan coastal Arctic
from the Soviet Arctic or north mrough the Bering Sea to the
Alaskan Arctic. During August the south to north movement of
storms through the Bering Sea becomes a major storm track
producing the Arctic's largest monthly precipitation amounts.

Terrain can increase precipitation amounts whenever moist
air is forced up a mountain slope. The moisture in the air cools
and condenses and then falls to earth as rain or snow. Without
mis mechanical lift precipitation may not develop.

Air temperature controls how much moisture the air holds
as a vapor or gas. Regardless of other factors, extremely cold
air can contain only very small amounts of water vapor. The
result is low precipitation.

Preeipitation in the Alaskan Arctic varies. considerably
with location. Heaviest amounts occur in the highest elevations
of the Brooks Range where the average annual amounts vary
from 40 or more inches in the eastern glacial area to about 10
inches in parts of the central portion. In the coastal and
foothill areas amounts range from 7 to less than 5 inches. Most
precipitation occurs during summer as rain (Figure 26). Areas
with the heaviest snowfall correspond to those with the most
total precipitation. Average annual snowfall amounts range
from an estimated 100 inches in the eastern Brooks Range to
only 12 inches along the northwest coast (Figure 27). The two
data stations with the heaviest annual precipitation are both
influenced by terrain. Figure 28 shows the frequency of occur­
rence of precipitation.

Precipitation data are available for only the four locations shown.
WithOUT regard to intensity or rate of fall, this chart gives the
frequenCy of occurrence of any type of precipitation. For ex­
ample. the value of 30 for Barrow in January means that 30
percent of the time. some type of precipitation was occurring.
PeriOd of record is 8 [0 20 years.

Adapted from the U.s. Air Forc:e. Air Wuthet' Se,.."ice. Figure 28 Percentage Frequency of Occurrence of Precipitation Appendix B
Page 11 of 26
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Wind
Temperature differences determine pressure differences in

the atmosphere. Cold air is denser and heavier than warm air.
Since a cold air mass has higher surface pressure than a warm
air mass, air movement (wind} flows from the cold to warm air
as long as a pressure differential exists; the greater the differ­
ence, the faster the flow. Horizontal pressure differences are
the most important, but differences in vertical gradient can also
have an effect on the horizontal wind speed. Figure 14, show­
ing the global air flow, pictures a major down motion of air in
the Arctic. This downdraft results in a piling up of air that
creates an area of high pressure centered approximately 600
miles north of the Alaska arctic coast (Figure 18). Air con­
tinually flows south from this area of higher pressure as a
north wind. By the time it reaches the Alaska coast its direc·
tion is between northeast and east because of the rotation of
the earth, which turns a flow of air to the right in the northern
hemisphere.

Surface wind speeds along the coast are persistent and
strong compared to those in more interior regions (Air Weather

Figure 29 Detailed Wind Data

( N 1
I
!
i

i
i

Service. U. S. Air Force, various dates!. calm conditions are
recorded at 8arrow only 1 percent of the time, while Umiat in
the foothills, has calm conditions 17 percent of the time. By
comparison, the city of Fairbanks in the interior basin of
Alaska, is calm 21 percent of the time. Arctic coastal wind
speeds of 30 to 50 knots are common during winter months.
Usually, damage will not occur if buildings are designed for
strong winds. However, structural damage has occurred when
wind generated storm tides carried water into some of the
coastal villages or when wave action eroded beaches.

Strong winds can cause other problems. A whiteout condi­
tion, when neither shadows, horizon, nor clouds are discernible,
can result from blowing snow. Senses of depth and orientation
are lost, and only very dark, nearby objects can be seen. Often,
guide ropes are necessary to move from one place to another.
Strong winds also can stop all aviation traffic because of
turbulence and runway drifts. Although they can occur in the
mountains, strong winds are usually restricted to specific loca·
tions where valleys or mountain passes channel the wind, dras­
tically increasing its speed.

Detailed wind information is shown in Figure 29. Wind
direction is predominantly easterly at coastal stations and
evenly divided between east and west at Umiat. Considering all
locations and directions, the strongest average wind speeds have
been recorded at cape Lisburne. The directions associated with
these speeds are SSE through SW and do not include the
prevailing direction. This indicates that the wind blows from
these directions only when conditions favor strong winds, such
as storms or an intense high pressure system in interior Alaska.

Prevailing wind directions (Figure 301 are usually the
primary determinant of runway and landing strip orientations.
In the coastal Arctic they generally lie east to west. Variable
terrain, particularly in the foothillS and near mountains, may
channel the wind in other directions and dictate otherwise.
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Figure 31 Sky Cover

Figure 32 Depth of Snow on Ground

Cate1)Or;n Below Ar~ Ttnthl ot TOtal S'ty Cover

Detailed Weather Conditions
Average annual sky cover conditions differ only slightly

betweefl the four data locations (Air Weather Service, U. S. Air
Force, various datesl. Divided into monthly increments. these
differences become slightly more significant. Seasonal trends
are similar for all stations. Where total cloudiness influences
operational planning, the data in Figure 31 will be useful.

Snow depth data must be applied with caution. Even
though these data are compiled and presented in Figure 32.
their value is greatly reduced since wind continuously moves
the snow from one area to another. Also, there are areas where
snow is packing and developing a hard crust. Measurements
made at a single or even several locations will not necessarily
give an accurate picture of general conditions.

Obstructions to vision are yet another plann ing considera·
tion (F igure 33l. An obstruction to vision is a condition that
reduces visibility to six miles or less. In the Arctic, particularly
along the coast, the most persistent and significant of these is
fog, wh ich occurs often enough to be a hazard. Along the coast
the occurrence of fog increases drastically as soon as open
water begins to appear in Mayor June and continues into early
October. Statistics on heavy fog, a reduction to visibility of
one-quarter mile or less, are available for Barrow and Barter
Island (Figune 34). In the interior portion of the Arctic, fog
C>CCtJrs most frequently in winter. Warm summer temperatures
in this area reduce fog occurrences. Smoke and haze occur so
infrl!Quently that they have a negligible effect on visibility.
Blowing snow. however. is a serious hazard.

Wind flows across a mountain ridge. The lenticular
cloud appears to be stationary. but it \s actuallv
dissiD3ting on the leeward side at the same tim!' it is
forming on the windward side.

Sourer: National Oceanic and AunoSD/"leric Administr.ation. Er:",ironmrntal Data
Srl"Vice.

Note: The statistics for this chart were compiled by noting the occurrence
of heavy fog on a daily rather than hourly basis. Heavy fog, defined as fog
reducing visibility to one-quarter mile or less;. ~ust occur at some time dur­
ing a day to establish a day with heavy tog. Period of record is 25 years.

Note: The detailed weitther conditions presented in Figures 31. 32. and
33 are all average percentage frequency of occurrence values. based on
hourly observations. A particular value represents the amount of the total
rime during that month that 3n event occurred. For example. in August on
Barter Island fog is present as an obstruction to vision 31.5 percent of the
time, or out of 744 total hours. fog was present for 234 hours. To Qualify as
an obstruction to vision. visibilitY must be reduced to six miles or less.
Period of record is 8 to 20 years.

Adapted from U.S. ,Air Force. Air Weathef Service.
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Figure 34 Days with Heavy Fog

Jan Feb Mar Apr Mav Jun Jul Aug SeP Oct

BaITOW 2 2 1 3 8 12 13 12 5 4
Barter island 2 1 3 7 12 15 16 10 4

Jos~" C. laBelle. AEIDC

March occurrence 01 fog over an open lead.
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Aviation Weather

Aviation weather information is extremely important in
the Arctic. Lack of surface transportation makes aviation the
prime mode of transport to the region and between villages.
Some information related to general flying conditions in the
Arctic is shown in Figures 38 and 39. Official, current weather
information can be obtained from flight service stations at
Barrow and Deadhorse.

The data application discussion assumes that average
weather conditions at Barrow and Barter Island reasonably
represent the coastal area between them. This does not mean
that ceiling, visibility, and wind conditions associated with a
particular storm in the Barrow area are also going to affect
Barter Island the same way two days later. Both storm track
and intensity may vary enough to result in completely different
conditions at Barter Island. The average of all these storm
conditions provides the similarity. Average ceiling and visibility

conditions are reflected in Figure 38 {Air Weather Service,
U. S. Air Force, various dates).

If a flight cannot land at its destination, the possibilities
of landing at alternat"e fields in the same general area C<ln be
evaluated in several ways (Searby 19711. In a study of six
locations near the Prudhoe Bay oil explorations, weather obser·
vations were taken hourly throughout the day. First, the total
time that each location met a set criteria was establ ished to
determine if, during the interval of one year, certain stations
experienced better weather than others (Figure 391. Second, if
one station was experiencing particular conditions, circum­
stances at the other six stations at the same time needed to be
known IF igure 391. Results from the latter part of the study
indicate that weather conditions vary considerably from site to
site during specific periods, making it possible to select an
alternate landing field nearby. Results from one year of data
do not guarantee that conditions will be the same during future
years, but they are adequate for long range operational plans.
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Figure 38 ceiling and Visibility

Dati is presented for III months Ind III hOUrs. A ceiling exists when the sky IS morr than I'\,all c:o~red with douds. Due
to the cumulative n.tu~ of tl'\is Pt"'ne'nQtion. it is possible to determine the per~nt~ frtOurncv of occurrence for any
given limit of ailing or visibility lePa...te1y. or in combinnion of ~iling ,and visibility. The totals progress fO the ri9t\l
.,d dO\"lf'l"lward. The freQuency 01 occurrence of • panicular Qtiilng height ~y be determined inaeDendenlly by referring
to tou\1 in the IxtreTT'lot ""91" hand colun"" io' each station. The i'eoueney ot O<:.cu"'ena ot Ii p."ir;ul., vi\ibilitv 'angc­
rrey ~ determined indePendently by referring to the horizontal row of totals at fhe bonom 01 netl Stallon grid. The
percentaqe freQuencY for wo-ttieh the nation was meeting or exceeding Iny 9i~n sel of minima may be determined irom
the figure 11 11\1' innnection ot the lDOtopriate ceiling column."a visibilitY row.

Oall compiled by U. S. Air Fora. Air WUthlirr Service
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i....:.<es and s;:reur.s :>rOVlce ~ooo year-round.
-:~re a woman 0; Le::>:l ances~rv fishes through
c :"lO'~ In ";:"le Ice. Loolanoers were originally
::·o~;:"'lt ~c Alaska :c cE"....e~a= ~elnceer herdtn9
":'i J s~:.:rce o~ fooe;; ana Income ana many In";er·
."';\,;rried wltn Alasi(a Natives.

Lake and River Ice
Observarion ana recording oi freeze up and breakuo bares

on rivers and lakes in 'i:,e reQion Degan more than 20 ve2rs a~o.

Alrhough there are some gaps in !nese bata, ;:igures 34 and 25
present all that are available. Since river water moves. riv~r

freezeuo bares are larer than rhose oi lakes. breakup bares are
earlier. and the davs ~:1at ice is safe for men and vehicies 2:""'2;
fewer. The ice·free 5:-.::son falls c~oroximately between i:hes:
dates. As soon as the :emperatu:-e remains above freezir:g. rc~

melts much more quic~ly than it iorms when rhe remoerature
crops below ireezing.

Fi9ur~ 35 gives 2verage neginning and ending freezeu:)
bares oi rhe ice season ior selecrea lakes and rivers. Locarions
oi rhese observational sires are iound in Figure 18. Ice obser·
vations are not available for other locations in this region.

Alaska's lakes anc rivers are imoonant transoortation and
recrearion resources year-rouna. ;n summer a high percentage oi
airplanes is equipped with floats, which allowS them ,0 land
:!ose to most othen-!ise ;naccessible areas. Floats are excr.angeo
for skis in winter. For surface trznsDortation, these water boaies
often must be bridged. which requires knowiedge of ice conai·
rions for engineering deSIgn and co:-:s~ructjon.
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:Jetailed· Weather Conditions

"tne detailed weather informai.ion in Fig~re 36 is oa~iculcr.

!',:,,' ~seiul for comr':"1unitv plannin£1, Engineers need :0 K·'"lOW :r.~

~aximum amount of :)recipiration that cOUid occur cur;n£: 2

s:lecific -:-ime period to design 2n adeQuate crainage syste::i.
3-.Jogeting ~cr snow removal from Cl'ty sue'?!'5, highways. ai,e
cir:lorts recuires knowledge of bo~n average and extreme sno ...·.,,·
fc II c:T10un~s as well as now often it is likelv to Snow eacn winter.
7F1e water equivalent of snow Dn ~he ground can be 2';)oiiec in
:Iood forecasting. Acc'Jrate snow depth measurements are com·
::lilCated bv arifting. Even taking several sam:>ies ana 2veraglnc::
:he::: does not proauce a value that can be appliec c 5nOl\

::is:ance away. so the data on snow de~th must. :-e usao
:aL:tiously.

Obstructions to Vision, conditions that reduce visibility to
six miles or less, are another olanning consideration. T;,e dala
sho·..." fog as ~he most common Obstruction in summer an:) olaw­
i:-1g snow as the most frequent obs~ruction in midwinter 2t moSt
iocations. Data on heavy fog. oefined as a reduction of visi­
oiiity ~o one-Ouarter :':1ile or less, are presented for Ko:zeoue.
r'ome. and Unalakleet. The seasonal trend for heavy 109 is Simi'

12.'" lor all ~hree locations. Smoke and haze ~resent SIgnificant
proolems when forest fires occur in the Kobuk valley.

Average annual sky conditions differ slig!1tly amonq 'he six
s:ations shown' in Figure 36. All have the least cloudiness in
\..... inter and the most in late surr.mer. Northeast Cape and Tin
C::Y. the loc:nions more exposed to oceanic infll;er.ces, ter.a
to have more cloudiness than Unalakleet and Kotzebue.

r·:··
:.:.:., ..

~,~~:r'}':~~*b?l~~'...~...
..... :.< :~.~ ...~~::.~.; .~::;::: .~~

';~2',;:i;2~l~4~~~i~l~i
v.$. Arr.'lY

:.J•.5. Army

The effects of wind are C.f'3r!\, O;s;j'"ye:
these ohOtos of Northeast Ca.:-~,

Top: Extremer.... fine wate" dro::>Jea
exist at temperatures below ~~eezinQ nave:
blown against the budding. ':'1:-nOS! co·..e

it With rime IC!'. In the fore9rounc, ':/le ~.

blowing trom ieft to right ~as scu\::>tec
snow, leaving miniature drif':s ,:>n ~ne lee\'

SIde of nard-crusted areas of S:10W orotru'
above \'ts normal level.

Center: The wind d"lreclion is i".10 -;,ne PIC1

The looS! snOw has been biow., away, tee
the sculptured a:Joearance. T;"l? bulldu:> 01'1
tOwer, building. and cable is ~::ner rime ic

heavy wet sno......

c.n, (~V,)11S
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Bottom: WinOs on the gerlng S:rJ:t C~Hs:

snow in deep orifts around ::-;,,:ildings. In
area near Wales. Which avera?!s only aoou~

inChes of snow a year. sno ..·.critts werl ~

SIX feet ceep .a~e adiacenr -:0 grouna S\',

clear of snow bv the wind,



Figure 70 Generalized Engineering Characteristics of Surficial
Deposits

Ca _ Sand and gravet-C:03l'M'-iJrained deposits

Of Good foundation material
Relatively easY to excavate
Generally well-drained
Source of sand and gravel for construction
Not frost susceptible

Oc .. dde .
Qe- Sand-medlum-gra,"~ POSI~

Fair to good foundation matenal
Relatively easy to l!)(cavate
Generally well-drained
Source of sand for construction
Not seriouslv frost susceotible

am - Mixed coarse- and fine-4Jf'ilined depOSiU-Till
GenefCllly high "In silt conunt. esPecially near surface
Gener;,lIy poor foundation material. except where locally high in

gravel and sand content
?oorly drained
High in ice content. especially in sil13
Often becomes unstable if thawed; may cause differential settlement

of fO\.lndations
Difficult to excavate
Frost susceptible

Silt and Clay-fine-grained deposits
Generally poor foundation material
If thin. it can be removed or filled over prior to construction
Poorly drained
Unstable during earthQuakes: may cause landslides along bluffs or

diHerential senlement.
Hig, ice/water content
Will become unstable if thav.red: may cause differential senlement of

founciations
Generally poor till material
Frost susceptible

put-OTganic sumce materia'
Poor foundation material
Pnorly drained
COmmonlv removed or filled over prior to construet.ion
Contains hi!:tl percentage of ice/water

Bedrock
Generally suitable tor foundations
Som~hat difficult to excavate
Hard and resistant but commooly fractured
Generally steep slopes in mountains make development difficult
Can be Quarried and crushed tor construction material

Qe
QI-

and after melting, leaves behind irregular mounds or ridges of
sediments extending along the beach as much as several miles.
Some of those with ice cores may originally be up to six feet
high but shrink to two feet when the core melts. Others have
been observed up to five feet high with no ice cores.

Deposits are often destroyed by the first storm waves. In
some cases they persist by being pushed above the normal
reach of waves, by growth of the beach. or because close pack
ice retards wave erosion. Deposition from ice push probably
never amounts to more than 10 percent of the sediments above
sea level, generally ranging between 1 and 2 percent. Ice carries
sediments and drops them when it melts, possibly accounting
for UP to 3 percent of the deposition near shore.

Though not Quantitatively significant, sand and pebbles UP

to 0.4 inches long have been observed floating freely in the sea.
Only flat, tabular particles float: spherical particles sink. The
floating particles commonly gather in patches or rafts. although
they also float singly. Surface tension has been described as the
mechanism of floating. At most. only 20 to 2S pounds of
rna~erial per hour has been observed passing any given point.

Applied Geology
Geologic maps serve as a basis for describing the origin,

age. and physical character of earth materials: they also can
show the application of geologic knowledge to man's use of the
land. Applied geology maps are designed to show many differ­
ent land characteristics. such as type and distribution of foun­
dation material, gravel resources, mineral resources, and loca­
tion of potential energy sources. The applied geology chart
(Figure 70 ), when used in conjunction with the geologic map
(Figure 65), reflects the basic engineering characteristics of
each geologic unit. It can serve as a guide to planners and de­
velopers as to what types of problems to expect and what
types of investigations should be carried out to insure safe
and economical development.

The chart or the geologic map is not intended to serve as
a source for estimating reserves or detailing the precise uses for
which particular deposits are most suited. More detailed site
investigations, such as are found in studies done by LaBelle
(1973. 1974), Davidson, Roy and Associates (1959). and
Lounsbury and Associates (1973), are required. The chart and
map serve primarily as guides so planners can determine which
areas deserve further consideration and study.

Special Geologic Conditions Affecting the Arctic Region
Permafrost and erosion are primary geologic phenomena to

be considered in the development of the Arctic Region. Their
effects have far.reaching impact on man's occupancy and use of
land. Earthquakes and volcanism are insignificant processes in
the Arctic Region.

Figure 71 shows the seismic zones of Alaska as interpret­
ed by the U. S. Army Corps of Engineers. The only seismic
activity reported in the Arctic between 1955 and 1964 oe·
curned in the Chukchi Sea. where four earthquakes with a
magnitude greater than 6.0 were recorded.

U~,
'.

Figure 71 Seismic Zone Map of Alaska
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Permafrost

Geology

~

A lump of frolen gravel from helow tho permafrost
table cOfllPured '0 unfrozon gf&Jycl.

Permafrost is any earth material. such as soil or bedrock.
that has remained below 32 degrees F (0 degrees Cl at least
from one winter through the next. This is the minimum
duration of permafrost; much has been in existence for tens of
thousands of years.

Permanently frozen ground prevails throughout most of
Alaska. ranging from less than a foot in depth at the southern
margin to 1,300 teet at Barrow and 2.000 teet at Prudhoe Bay
(Figure 72 l. Local variations in thickness. areal extent, and
permafrost temperature depend on differing thermal properties
of earth materials and on local differences in climate. tapa·
graphy. vegetation, geology. hydrology, and rate of heat flow
within the earth. In many places these local variations mask the
regional southward decrease in areal extent and thickness and
southward increase in permafrost temperatures. Areas around
large water bodies and thermal springs are generally free of
permafrost because of increased amounts of heat flow in the
ground. The shape of the permafrost and subpermafrost tables
reflect the presence of these features and large-scale surtace
topography (Figure 73 ).

The permafrost table is the upper boundary of perma·
nently frozen ground. The area above it is called the supra·
permafrost layer. The active layer is that part of the supra­
permafrost zone that freezes in winter and thaws in summer.
When winter treezing does not extend all the way down to the
permafrost table. an unfrozen layer remains between the
permafrost and the frozen active layer. Such unfrozen ground
surrounded by frozen ground is known as talik (Figure 74 l.
Groundwater trapped in taliks may be stored under great
hydrostatic pressure. If disturbed. springs may burst to the
ground surtace and freeze. producing a thick and often wide·
spread ice sheet or ice mound called auteis. This process is
knnwn as icing_ Since water deposits tend TO rp.nllCP tp.mpern­
ture fluctuations from season to season. thawing usually
reaches deeper in drier materials. Permafrost thickness is
aggrading as it thickens and degrading as it thins.

Rober t Lnwelll~1

Shading and insulation of the ground surface favor the
formation and continuation of permafrost which in turn
influences vegetative types, engineering structures. and ground­
water resources. Permafrost limits the rooting depths of plants,
prevents infiltration of water downward through surticial mate­
rials. and forces surnce runoff. Surtace drainage often ac­
cumulates in depressions where peaty materials form, creating a
continuously wet environment which promotes marsh and
tundra development. This vegetative blanket insulates and
preserves the permafrost layer. increasing its freezing depth.
Disruption of the vegetative cover destroys the fragile thennal
balance of the underlying permafrost resulting in thaw, sub­
sidence, and erosion. Snow cover also limits heat transfer be­
tween the air and ground which affects permafrost distribution.

In the Arctic permafrost temperatures reflect seasonal
variations to a depth of approximately 70 to 100 feet. Below
that depth permafrost is at its coldest. warming gradually
thereafter with depth until it passes' 32 degrees F 10 degrees C).
indicating the subpermafrost boundary (Figure 75 I. Ground
ice is up to nearly 80 percent of the volume of the upper 10
to 15 feet of the ground (Figure 76 ,.

Several tyoes of geomorphic features are prOduced by
permafrost and frost action.

Thermokarst Topography

Thermokarst topography consists of mounds, sink holes.
tunnels, caverns. short ravines. lake basins, and circular low­
lands. Local melting of ground ice and the subsequent settling
of the ground creates this uneven topography, so it is mOSt

common where massive ice formations such as ice wedges and
thir.1t: CC)p.!Jrp.grltpd ice exist. Melting can rF~~llIT from thp. rli~lIr.

bance or removal of vegetation or by a warming trend in
climate. Even small disturbances. such as a vehicle driven across
the tundra, can create lhermokarst features.
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Engineeriflg Considerations
The widespread occurrence of permafrost requires special

engineering considerations for the design, construction, and
-naimenance of structures and facilities. Permafrost degradation
; primarily related to the insulation qualities of the surface

layers and the ice content of the frozen ground beneath.
Sensitivity is great in the north, where the surface organic layer
is th innes:t and soil ice content is highest.

The engineering limitations associated with permafrost are
not the same for rock type or sediment. Frozen bedrock with
ice in i~ crevices will present few, if any, construction or
maintenance problems. Well·drained, coarse sediments such as
gravel, may contain little or no ice, even though they are
frozen. Here again, few, if any problems occur. Although saline
water in sediments may be below 32 degrees F (0 degrees Cl, it
may remain liquid because of its lower freezing point.

Major engineering problems arise when permafrost occurs
in poorly drained, fine-grained sediments. These sediments con·
tain large amounts of ice. Disruption of these deposits results
in a change in the thermal balance which causes the ice to melt
IFigure 77 l. Thawing produces excessive wetting and plasticitY
which makes the sediments unstable. This results in icings, frost
heaves, Slumping and subsidence of the ground surface. and in
many cases, the sediments flow laterally or downslope. During
winter the active layer freezes downward from the ground
surface to the permafrost table. In fine-grained materials espe­
cially, th e formation and resulting expansion of ice causes frost
heaving. Thawing of permafrost and cycles of freezing and
thawing in the active layer causes extensive damage to high­
wayS, raj Iroads, airstrips, and other facilities. Computer models
are being used to predict the interaction of permafrost and
man-made structures. This may reduce construction and main­
tenance costs.

Lack of sufficient insulation below this utilities
building at Barrow allowed heat from the Structure
to thaw the permafrost below. Slumping resulted
in severe damage to the structure.

Robert lewellen

Figure 77 Thaw·Slumping in Permafrost Below a Heated Building
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Heel[ uscd to W<H1ll the interior of U Sl,IJClllrC inullcquately in·
sulntcd from pcrmnfrosl th...ws the undmlyinu pcrmilfrost lllld
I(.'ilcls to the suh~jdcllr.r. of the ground and the cventufll collapse
of the building. To keep permafrost from thawing, structures
must be buill in ~ mallller thill prevents heat transfer to thr.
f,ulI,m ground. Tilis is qr.ncrally accomplished by bUilding
slruclurcs off Ihe !Jround on 100tings or rilil1!IS alld mnkin9
sure that the surface pem inslIl<tting covnr is not removed.
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The bes~ approach to construction in the Arctic is to pre·
serve the permafrost by enhancing ,he natural insula,ive cover
to prevent thawing of frozen sediments. Roads and airfields
must be built on insulated basements that are thick enough
to limit thawing of the underlying frozen ground (Figure 781.
Structures must ei,her be built on similar gravel pads or foot·
ings or be raised on pilings that allow air circulation beneath
the structure. Self·refrigerated pilings are now being used
at some locations to maintain frozen ground temperatures
(Long 1973).

Gas. oil. and power utiliti~ must either be raised on
elevated utilidors. laid upon gravel basements. or buried and
insulated enough to prevent ,hawing and degradation of perma·
frost.

Gravel is in short supply in much of the Arctic. and
even in areas of plentiful supply. removal can cause damage
to the land. Experiments with artificial fill materials such
as wood. nyrofoam. sulfur foams. and the new rigid and
flexible polyurethane foams, used in conjunction with gravel
to form insulating basements and pads, have proved to be
satisfactory in many innances.

Figure 78 Effect of Gravel Fill Upon Permafron Thermal Regime

During the late 1940s. or early 19505 a trail was C. O. Evans. U.S. Fish
bladed east of the Colville delta in winter. Numerous end Wildlife- Service
summer thaws since then have slumped and flooded
the trail SO badly that it has formed a stream.
drainIng several tunara lakes in its oath,

An example of iii clean, properly constructed oil drill­
Ing pad. located near the mouth of the Itkillik River.
A thick gravel pad and runway complex prevented
permafrost de-gradation during drilling operaTions.

Joseot'\ C. LaBt'II~.

AEIDC

Rolligon tracks on the tundra nea: Cape Simpson.

Dnving venicles 0 .... the tundra in summer ofte:-,
results in deStruCTion oj tne InsulJti:"'lg vegetatl\'~

cove:. Permafrost below car. then me:t, flood,n~

the ttJcio:.

72 Geology
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Joseph C. LaBelle. Af:I[)C BobNI Luwftllf'lI

Hoborl L!wcllnn Joseph C. L.Ullllo. AE IDC

Top left: Gravel roadbeds of sufficient thickness
\',IIi! crevent permafrost rnaw. It the bed is tOO
:~in. as seen h~re at an 01; pad west of Sagwon.
·ce wedges melt beneath :he road. reslJlting in
}oiumoing and flooding.

Top right: Gravel roao ~ear Prudhoe 8av is
l~out three to four feet tn:6:. enough to prevent
~erm.drost maw slumping.

Center left: Raising gas utrllcors above the ground.
2S here at the Naval Arctic Research Laboratory near
:arrow. avoids dll'fjcult excavation in frozen grounc
.:.~o ore"'ents oermairost deg~i!eation.

Center right: Steel mesh over thiCk gravel runwavs,
~; usee at the Naval Arctic Research Laboratory near
3i!rrow. prOVIdes the surface strength necessary for
:,eavy a ircrait tratfic.

Sonom: InSlalllnq pilings ,n permafrost near Prud·
'oe Bay. Raising buildrnt;ls on odes allows air Clr·
::;':Ja~lon beneatn the bU1iOlng. preventing perma­
:~OSt thaw.

.:...;..:.....

... :'. .....
~: : .'

':". ~,
'y ''..:;;.,; •
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...-.,_ _--
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102 Water

Floods

Extensive severe flooding, especially in the larger stream
channels, occur,; during spring breakup between May and early
July. Ice jams increase the height of the floodwater, especially
in downstream reaches. When spring flow begins, it overflows
the massive ice that is still frozen to the channel bed. Flooding
extends for considerable distances, often up to several miles on
each side of the stream (Figure 87 ). Flooding subsides as the
ice is released from the stream bed and carried downstream and
out to sea. Often, large blocks of ice are left stranded on
beaches and bar,; where they quickly melt and disappear.

Tundra flooding is common during the snowmelt season.
8ecause of the extremely flat terrain, drainage is slow and
sluggish. Melting snow often pools temporarily behind unmelt­
ed snow berms, hardpacked winter snow roads, and other
minor Obstructions. Local flooding, especially bother,;ome in
populated areas, occur,; until snowmelt is complete and the
water,; can drain away.

Intense, long periods of rainfall can cause general flooding
and swollen streams. This is not a normal yearly occurrence
because of low precipitation in the Arctic, however, floods
from August rains have been extensive, perhaps once every 15

Snowmelt flooding in the village of Barrow.

to 20 year,;. In winter, flooding is locally caused by th e growth
of large icings that cover some river floodplains to hei ghts that
often exceed open channel flood stages.

During late fall, storm surges often cause significa nt flood·
ing and damage along coastal areas. At that time, ice may be
far enough offshore to allow northwest winds a long fetch of
open sea. The winds can develop high waves and a storm surge
tide that inundate coastal areas. A storm of this type occurred
in October 1963; the worst in Eskimo memory and considered
a once in two hundred year,; occurrence. Extensive flooding
and damage were sustained at the village of 8arrow and the
Naval Arctic Research Laboratory.

Beach erosion, most extensive during coastal storms but
known to be a continual process, often is responsible for local
flooding of coastal communities and installations. Studies have
shown this process to be accelerated by removal of beach
!ravel for local construction.

Several alternatives are available to assist in flood protec·
tion and prevention, including construction of levees and ban k
stabilization. Stream overflow is apparently not a significant
problem at present because no communities are built within
stream flood areas. As most villages depend on the sea for their
economic base, development away from the coast is not
an alternative, especially in the west arctic subregion. Local
protection works appear to be the major means to stop beach
erosion and storm flooding.

--~.----..~'.~.----: .

~... ~'~:~,;.~.~.
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l.ocDI flood prolp.ctio,'-;:J 5101lP. lC!vcC' in An;Jl<lllvlIk.

COlvi'lC' River C1unnc; oreakuo flooding.

::::uno:'"" reaches a ;:leak just after breakuo in J:.me and
:-ec:ecf"S to lower ~Iow tnrOl:gnout the rest of the
s"Jmm~. Colville Rll/er.

".
II.J. Walker, loui$illnn .sUltc lIrli\.'f!l$j1v
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Economy The overall economy of the Arctic Region is a com·
bination of monetary. barter. and subsistence factors. Parti·
cularly since the post war period of exploration on Naval
Petroleum Reserve No. 4 (Pet 4), the indigenous people of
the region have participated more in an evolving cash economy.
The harvest of fish and wildlife has continued to be extremely
important (Figure 1341. Evidence indicates that in some
localities this take has actually increased over the post war
period. Despite subsistence harvest levels and an increasing
monetary economy, the Arctic Region remains depressed. This
is reflected in the region's share of state total gross receipts as
shown in Figure 137 for 1972. More recent data is unavailable,
but will doubtless show an increase since the renewal of Prudhoe
Bay oil field and pipeline development and production activities.
Employment figures will also reflect this situation.

Employment, Work Force, and Unemployment
The remote, sparsely populated Arctic Region accounted

for only 1.2 percent of the state's workforce in 1973, based
on a count of workers by place of employment. and for a
.9 percent of the state's labor force, which represents a count
of workers by place of residence for the same year (Fig­
ure 139). Seasonality of work is reflected in the employment
figures. In the northernmost area. severe winter weather
curtails most outdoor activity (Fi9ure 135 I. This situation may
be altered somewhat with oil pipeline activity continuing
throughout even the coldest winter months.

Figure 134

Communrry

AnaktuVUk Pass
Bam:>w
Kaktovik
Point Hope
Wainwrig,t

Average Annual Estimates of Subsistence Harvest Based on 1969·1973 Data-Arctic Region
lin pOUnds) Per Capita

Population 1 Mammals Wildtowl Fish Total Harvest

97 156,555 540 3.950 161.045 1.660
1,901 1.284.550 7.600 61,550 1,353,700 711

107 91.soo 2.300 15.000 109.300 1,012
369 537.600 19.300 40,000 596.900 1.618
308 469.455 1.200 2.840 473.495 1,542

Figure 135

III Figures repnsent Eskimo popul81.i;Jn in 1970.
Source: Joint Fllderlil--Stltl Land lJse Planning Commiaion for AJ..skli. 1974.

Climatic Effects on Resource Development and Transportation
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Transportation
Transportation modes into and within the Arctic Region are

perhaps the most underdeveloped in the nation. The residents
depend almost exclusively on air transport for intervillage and
interregional passenger and freight movement but only a few
communities are served by scheduled airlines (Figure 160), A
system of historic winter trails exists, but is only used occa·
sionally today. Roads are nonexistent except for the recently
completed Fairbanks to Prudhoe Bay service road and roads
within villages and the Prudhoe Bay development complex
(Figure 1621.

,.".'" ,."

~:~:~~~lC·

.... ,."

The new and the old way to travel In the Arctic.

<;;~..~;
.,~
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Figure 161 Distances in Miles Between Selected Communities on the Alaska Highway System
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Al,skl BounOilfV 42' 463 20' 242 298 232 364 205 648 380 373 274 469 n6 550 93 347

Anctlorage 421 523 340 503 358 '89 785 626 227 440 40 259 48 836 '29 328 304
Cirr;I, 463 523 262 545 '65 4'3 827 66B 750 223 483 343 571 643 65:2 370 528

Oelt~ Junction 20' 340 262 283 97 '51 565 406 567 179 292 8' 388 575 469 '08 266
E.ql~ 242 503 645 283 380 3'4 606 447 730 462 455 356 55' 858 63:2 175 429
F:.;r~nlc.l 298 358 '65 97 380 248 662 503 585 82 389 178 406 478 487 205 363
Glennallen 232 '89 4'3 '5' 3'4 248 596 437 416 330 '4' 70 237 726 3'B 139 115
I-tainu 364 785 827 565 606 662 596 '59 1012 744 737 638 833 1140 9'4 457 711
Hainr.; Jet., Yukon 205 626 668 406 447 503 437 '59 853 585 578 479 674 98' 755 298 552
Hornl'l' 648 227 750 567 730 585 416 1012 853 667 267 486 179 '063 17:2 555 53'
Li...el'1good 380 440 223 179 462 82 330 744 585 667 400 260 488 560 569 287 445
Palrne-t 373 40 483 292 455 389 '4' 737 578 267 400 211 88 867 '69 280 256
Paxson 274 259 343 8' 356 '78 70 638 479 486 260 211 307 656 38B 181 185
Pon~e 469 48 571 388 55' 406 237 833 674 '79 488 88 307 884 81 376 352

·Prudhoe elV n6 836 643 575 858 478 726 1140 981 '063 560 867 656 Il84 965 683 841
s.w.", 550 129 652 469 632 487 318 9'4 755 '72 569 '69 388 81 965 457 433

Tok 93 328 370 '08 175 205 '39 457 298 555 287 280 '8' 376 683 457 254

Valdez 347 304 528 266 429 363 115 711 552 531 445 256 '85 352 841 433 254

·Presently used only for tren...Alask. pipeline constT1.lC1ion tratfit:. Not OPlrn to public: Uie.

AdaPted from St.rte of Aluk•• OePlron~t 01 Highwzrys.
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